Transjugular intrahepatic portosystemic shunt (TIPS) is an accepted therapeutic option for the treatment of complications of portal hypertension, such as refractory variceal bleeding, refractory ascites, refractory hepatic hydrothorax and Budd-Chiari syndrome, in cirrhotic livers. However, portal hypertension is uncommon after liver transplantation, and when it occurs, it has been related to hepatic vein outflow obstruction, small liver donor size, rejection, or recurrence of the original disease. There are few reports in the literature addressing TIPS experience in liver transplant patients. This review will address the published experience of TIPS procedures in liver transplant patients, including indications, technical issues, complications, and outcomes.
have cirrhosis within few years after LT. The hepatitis B virus (HBV) has less than 30% recurrence, but usually recurrence is more severe than with HCV. Primary sclerosing cholangitis and primary biliary cirrhosis have roughly a 10 to 20% recurrence rate, which also occasionally requires retransplantation.
The development of portal hypertension after LT is unusual and unexpected as the diseased liver has been replaced by a normal organ. The etiology of portal hypertension in post-LT patients has not yet been established. However, it has been associated with hepatic blood outflow obstruction, disparity between the donor's and recipient's liver size, 4, 5 as well as in the diameter of the vessels, 6 and decrease of vascular compliance of sinusoids during acute cellular rejection. 7 The indications to perform a TIPS procedure in the liver transplant patient are similar to those in the cirrhotic patient: essentially recurrent variceal bleeding and the presence of refractory ascites and/or hepatic hydrothorax. Refractory ascites and/or hepatic hydrothorax represents a serious dilemma to the physician, because it has been linked to an increase in the incidence of abdominal infections, prolonged hospitalization, deterioration of renal function, and tendency toward lower survival rates in these patients. 6, 8 Numerous cases of massive ascites caused by stenosis or twisting or kinking of the caval anastomosis have been reported. However, subsequent endovascular therapies with angioplasty and/ or stenting of the lesion have proven to be effective in these cases. [9] [10] [11] The portosystemic pressure gradient is lower after liver transplantation; therefore variceal bleeding as a manifestation of portal hypertension is extremely rare. Previous reports have demonstrated that almost all cases respond to medical or endoscopic therapy. TIPS creation for the management of variceal bleeding after liver transplantation is feasible when the medical treatment has failed.
TIPS IN LT

Anatomic Considerations
The procedural planning for TIPS in liver transplant patients rests in the knowledge of the new anatomical configuration and vascular anastomoses as a result of the surgical technique. The interventional radiologist must be aware of the various transplant techniques to plan the approach and execution of the shunt.
The standard (conventional) orthotopic LT is done by end-to-end anastomosis of the donor's to the recipient's suprahepatic vena cava, followed by similar end-to-end anastomosis of the infrahepatic vena cava (Fig. 1) . This technique requires cross-clamping of the recipient's inferior vena cava and results in a period of decreased renal perfusion. The donor's portal vein is anastamosed to the recipient's portal vein in an end-toend fashion.
The piggyback technique of liver transplantation is done with the recipient's vena cava left intact. The donor's suprahepatic vena cava is anastamosed to recipient's right-middle hepatic veins. The recipient's inferior vena cava (IVC) blood flow is not interrupted with any untoward sequela to renal perfusion. The donor's portal vein is anastamosed to the recipient's portal vein in an end-to-end fashion (Fig. 2) .
The cavo-caval technique of liver transplantation is done with the donor's suprahepatic vena cava anastamosed directly to the recipient's vena cava in a side-toside fashion. The donor's portal vein is anastamosed to the recipient's portal vein in an end-to-end fashion (Fig. 3) .
For pediatric recipients, transplantation of leftlateral segments split from cadaveric donor or a living donor has become a standard practice. This technique of liver transplantation consists in end-to-side anastomosis between donor's left or right hepatic vein to the recipient's IVC (Fig. 4) . There is an end-to-end anastomosis between donor's left or right portal vein to the recipient's portal vein.
Procedure
The right internal jugular vein approach is used for creation of the TIPS in patients with transplanted liver except in case of piggyback LT. The use of the left internal jugular vein approach in the latter may facilitate catheterization of the hepatic vein.
The main difficulty in creation of TIPS in a patient with liver transplant is catheterization of the hepatic veins. Our experience as well as others is that TIPS creation is not difficult in patients who have had LTs performed using the standard (conventional) or piggyback technique. However, those with liver transplant using cavo-caval technique in which the donor's retrohepatic IVC is anastamosed side-to-side to the recipient's IVC makes catheterization of the hepatic veins quite challenging, especially when a severe caval anastamotic stenosis is present. In these cases, it may be simpler to attempt a gun-sight approach to create a direct cava to portal vein TIPS.
The intraparenchymal relationship of the hepatic veins to the portal veins is as in a native cirrhotic liver. Therefore, the conventional method of directing the transhepatic intraparenchymal needle passes from the accessed hepatic vein to the targeted portal vein branch, which is the same as in a native liver. Carbon dioxide balloon occlusion portography helps to delineate the relationship of the accessed hepatic vein to the target portal vein, helping to facilitate the successful creation of the TIPS. Once access is gained to the targeted portal vein, the steps to completion of the TIPS are exactly identical to that in a native cirrhotic liver.
Outcome
In our review of the literature, we found three studies and scant case reports of TIPS placement after LT, demonstrating that is feasible and could also serve as a 
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bridge for retransplantation. [12] [13] [14] [15] Table 1 is a summary of a literature review of patients who had a liver transplant requiring TIPS, and we included our experience in this table as well. It is difficult to report hard data at this time due to the limited experience. The indications for TIPS were refractory ascites, refractory hydrothorax, and refractory variceal bleeding. TIPS appears to be useful in improving the symptoms, and TIPS also can be used to temporize patients until a viable allograft becomes available for retransplantation. The long-term outcomes 18 The side effects and complications of TIPS placement after LT are similar to patients with native livers, such as slight increase in the rate and severity of encephalopathy and acute liver failure. Lerut et al described changes in the pharmacokinetics of medications like cyclosporine or tacrolimus as a side effect after TIPS insertion, resulting in a significant increase of their levels in blood, and therefore risk of hepatonephrotoxicity. For this reason close monitoring is mandatory. 12 
CONCLUSION
The primary indications for TIPS in a patient with an LT are refractory ascites, refractory hepatic hydrothorax, and recurrent variceal bleeding. TIPS is technically feasible in LT patients. The procedural planning for TIPS in LT patients rests in the knowledge of the new anatomical configuration and vascular anastomoses as a result of the surgical technique. The interventional radiologist must be aware of the various transplant techniques to plan the anatomical approach for successful creation of the shunt. The TIPS procedure after transplantation has the same indications established as for nontransplant patients. [19] [20] [21] TIPS is effective in the control of refractory ascites, refractory hepatic hydrothorax, and variceal bleeding. We recommend the use of an ePTFE-covered stent for the TIPS to ensure optimal long-term patency. TIPS could serve as a bridge to retransplantation. The impact of TIPS on overall patient survival has not yet been established.
